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(57) Abstract 

A system and device allowing for an inexpensive smartcard terminal is disclosed, particularly where more than one scheme is required 
to be supported. Remote terminals (20) receive smartcards (10) and establish a communication link (30) with a base station. Each remote 
terminal uses a scheme independent application (24) to interface with the smartcard (10). The base terminal includes the necessary terminal 
applications (43-45), a scheme selector (40), and establishes links to host systems (80-82). This arrangement allows for reduced complexity 
and cost in the remote terminals, while allowing for multiple and/or complex applications to be supported. 
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REMOTE SMART CARD TERMINAL LINK 
Technical Field 

The present invention rejates to .systems _ for. performing- financial 
transactions using smart cards and similar devices. 
5 Background Art 

Smartcard technology is increasingly being adopted for a variety of 

f !nancjaJ_trans.actions._By^ 

and point of sale applications, pay TV, pay phones, loyalty schemes, electronic 
tolling and electronic ticketing. Such systems generally utilise a smartcard 
10 issued to users, readers for the cards, hardware and software associated with 
the reader for performing a transaction, and in many cases, a communications 
link to a host system. 

The term smartcard is used throughout this document to refer to all 
portable devices including a processing device and storing financial or 
15 identification information, including but not limited to devices meeting ISO 
standard 7816. 

Current developments and proposals tend to utilise smart cards and 
transaction applications which are proprietary to particular developments. In 
order to use a card, customers must use a terminal which supports the particular 

20 system implemented on that card. 

Prior Art Figure 1 illustrates a typical system based on these techniques. 
Terminals 3A and 3B each support only a single scheme. Terminal 3C contains 
multiple applications, each residing in terminal 3C, which can each support a 
single scheme. Multi-scheme functionality is accordingly provided by having 

25 different applications to support each scheme resident in each terminal. This 
type of functionality will increasingly be required in new terminals. In the case of 
fixed location, relatively high cost terminals this requirement can readily be 
accommodated, as substantial processing and memory resources are available. 
However, a further likely and intended outcome of stored value-type 

30 schemes is that low cost, potentially portable terminals will come into 
widespread use. According to conventional methodologies, these terminals 
would need to be either single scheme specific at best, or unacceptably 
expensive. 
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it is accordingly an object of the present invention to provide a smart card 
transaction system and terminal which enable the implementation of multiple 
schemes within a low cost terminal environment. 

Summary of the lriveritioh 

5 Accordingly to one aspect the present invention provides a system for 

performing a transaction using a smart card, said smart card including an 
Jippltartionjino^ 

~ system including at least one remote terminal device, each said remote terminal 

device including means for interfacing to a smart card, a scheme independent 
10 terminal application, and communications means for communicating with a base 
terminal, said base terminal including a plurality of smart card terminal 
applications for different transaction schemes, and means for selecting one of 
said smart card terminal applications corresponding to an available transaction 
scheme for any given smart card, the arrangement being such that upon a 

15 smartcard being inserted into the remote terminal, a corresponding terminal 
application is selected and a transaction conducted between the terminal 
application and the smartcard. 

According to another aspect the present invention provides a system for 
performing a transaction using a smart card, said smart card including an 

20 application allowing transactions with at least one transaction scheme, said 
system including at least one remote terminal device, each said remote terminal 
device including means for interfacing to a smart card, and communications 
means for communicating with a base terminal, said base terminal including at 
least one smart card transaction application corresponding to an available 

25 transaction scheme for a given smart card, the arrangement being such that a 
transaction occurs between the smart card and the base terminal as if the smart 
card were directly interfaced to the base terminal. 

According to a further aspect the present invention provides a remote 
terminal device for a smartcard transaction processing system, said system 

30 including a plurality of smartcards, each smartcard including applications 
allowing transactions with at least one transaction scheme, and a base terminal 
including transaction applications corresponding to at least one of the 
transaction schemes incorporated in said smartcards, 
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wherein said terminal device including means for interfacing to a smart 
card, a scheme independent terminal application, and communications means 
for communicating with a base terminal, said remote terminal -device being- 
adapted to communicate with said smartcard and said base terminal so as to 
5 facilitate a transaction between the smartcard and the base terminal. 

The present invention accordingly provides a system wherein a base 

Jeimjnaiprovjdes -appropriateJnterfacesrlinks-to-host-systemsrandapplic^tions - 

for a plurality of smart card transaction applications, and the base terminal is 
accessed by many less complex remote terminal devices. This enables the 
10 competing requirements of multi-scheme operation and low cost to be fulfilled. 

According to the inventive system, the base terminal responds as if it 
were in physical contact with the smart card, although in fact the card may be 
remotely linked and accessed. This allows for a single set of complex 
applications to service many low cost remote terminals. 
15 Brief Description of Drawings 

An embodiment of the present invention will now be described with 
reference to the accompanying figures, in which: 

Figure 1 illustrates a prior art smart card interface system; 
Figure 2 illustrates is a functional block diagram illustrating the operation 
20 of the inventive system; 

Figure 3 is a block diagram illustrating one implementation of the present 
invention; 

Figure 4 is a block diagram illustrating a second implementation of the 
present invention; 

25 Figure 5 is a block diagram illustrating a third implementation of the 

present invention; 

Figure 6 is a block diagram illustrating a fourth implementation of the 
present invention; 

Figure 7 is a functional block diagram showing the hardware 
30 configuration according to an implementation of the present invention; 

Figure 8 illustrates the functional model of the^software according to an 
implementation of the present invention; 

Figure 9 is a flow chart of a software implementation in the idle state for a 
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remote terminal according to the present invention; 

Figure 10 is a flow chart of the main loop according to the implementation 
of figure_9; • _. _ 

Figure 1 1 is a flow chart of API execution according to the implementation 
5 of figure 9; 

Figure 12 is a hardware block diagram of a generic scheme selector 

aecording-to-the-present-invention; — ; 

Figure 13 is a functional diagram of a generic model for a scheme 
selector according to the present invention; and 
1 0 Figure 14 is a flowchart for the scheme selector software. 

Description 

The present invention will be described with reference to various 
implementations, principally in the field of stored value cards. It will be 
appreciated, however, that the present invention is equally applicable to other 
1 5 smart card applications. 

Figure 2 illustrates the principle of the present invention. 3 types of 
smartcard schemes are accepted by the remote terminal 20, shown as schemes 
A, B and C on respective cards 1C, 1D and 1E. Remote terminal 20 incorporates 
a scheme independent application 24, for interfacing with any of the schemes, 

20 and a media interface 23. Media interface 23 provides a communications link 
with base terminal 60 - it will be appreciated that there may be many remote 
terminals 20n associated with a single base terminal 60. Base terminal 60 
incorporates a scheme selector, for determining the appropriate scheme for a 
particular smartcard, and applications 43, 44, 45 for providing the appropriate 

25 terminal application. Thus, a link is established between the smartcard and the 
base terminal, in which the remote terminal is generally acting as an 
intermediary. The terminal applications 43, 44, 45 are connected via suitable 
communications links 70 to the respective hosts. It will be appreciated that the 
present invention is also applicable to a single scheme implementation, as it 

30 allows for a reduction in cost and complexity of the remote terminal even in this 
case. 

Referring to Figure 3, a first implementation of the present invention is 
described. Base terminal 62 is connected via an ISO 7816 compatible card 
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emulation interface 65, 64 and communications link 51 to a single scheme 
controller 45, and a media interface 41. It will be appreciated that from the 
perspective of the application residing on^base terminal 62, .an equivalent, 
interface is provided as if a smart card were directly connected. Media interface 
5 41 provides a connection via transmission media 30 to remote terminals 20, 
20n. It will be appreciated that a large number of remote terminals may be 

sejvjce^by_a^gle_media_interface.-_The-communicati 

media interface 41 and remote terminals 20 may be of any desired type, for 
example, hard-wired, fibre optic, acoustic, infra-red or radio. In the 

10 implementation illustrated, a router 31 provides individual links 32, 32n to 
remote terminals, connected in a star topology, and then interfaces via 
communications link 30 to the media interface 41. It will be appreciated that any 
suitable communications arrangement could be used. For example, in an 
environment with many base stations, a remote terminal may connect to the 

15 nearest available terminal, not be specific to a single base terminal. 

Scheme controller 45 acts so as to redirect connections to provide an 
effective linkage between any given remote terminal which is presently active, 
and the base terminal. Each remote terminal 20 provides an interface for a user 
smart card 10, and preferably would include features such as a keypad and 

20 display. Generally, the base terminal 62 would be connected via conventional 
landline or satellite links, or any other suitable communications arrangement, to 
a host system 81. 

Referring to Figure 4, this illustrates a system similar to Figure 3, however, 
in this case the system is capable of supporting multiple existing applications. 

25 Instead of a single base terminal 62, and card interface 65, 64, a plurality of 
base terminals 62n are provided. Multi scheme controller 46 is used so as to 
provide multiple card emulation interfaces as appropriate for each application. 
The configuration of the remote terminals and communication links to interface 
41 remains the same ; 

30 Figure 5 differs from the embodiment of Figure 3 in that the scheme 

application program has been integrated into the scheme selector. This 
approach is more flexible for the introduction of new systems, and provides a 
higher level of performance. In terminal 66, scheme controller 93 is interfaced to 
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the application 91 by means of an application programming interface (API) set 
92. This allows for a complete set of standardised remote card interface 

procedures, to_ be_ provided. . Media jnterf ace _94_operates_with the_remote 

terminals in a similar manner to Figures 3 and 4. 
5 Figure 6 illustrates a system similar to Figure 5, but in which terminal 67 

allows for multiple schemes to be supported via a multi scheme controller 93 

and-separate scheme controller-applications-and-AP|-sets-91nr92nr^lt will be 

appreciated that n is any suitable integer. 

Referring to Figure 7, this illustrates in block form a hardware 
10 configuration for implementation of the remote terminal according to the present 
invention. It will be appreciated from the background discussion that one of the 
objectives of this terminal is to provide a low cost, preferably portable unit, and 
the design should be optimised to this end. Microcontroller 101 is linked to 
display 103, ISO 7816 smart card interface 104, unique identification 106, 
15 keypad 102, and media interface 105. Optional further features shown in 
reference 108 include a magnetic card reader, secure access module, eeprom, 
and a real time clock. 

The microcontroller is programmed with code storage of preferably at 
least 16K bytes. A minimum data storage of 512 bytes (RAM) is required to 
20 support the relevant ISO 7816/T0 and other smart card protocols and to support 
the scheme independent application program. On - chip peripherals including 
timers, serial communications and bit level input/output signals are preferably 
used in this implementation. 

Keypad 102 is preferably implemented as a matrix. In the preferred 
25 implementation, a total of 20 keys support PIN entry, account selection and other 
user entered data required by the scheme application. In some cases, manual 
scheme selection may also be supported. 

Display 103 is preferably of LCD type, including both fixed numeric and 
dot matrix areas used for text and graphic displays. . Special purpose symbols 
30 may be used to meet scheme application requirements. 

Preferably the smart card connector and interface meet the ISO 7816 
specification. Any suitable connector type may be used, but zero insertion force 
types are preferred. The interface will support asynchronous cards as required 
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by most applications. Optionally, support for synchronous cards may be 
provided. The interface provides signal conditioning, card detection and power 
switching. 

The parameters of media interface 105 will depend on the transmission 
5 media selected. For a hard wired system, standard base band interfaces such 
as RS-232 or RS-485 may be used. Modems may be used to extend the link 

-over_private-or-public-networks,-or-wireless-links-may-be-employed— Typically, 

the scheme applications written for smart card protocols require a data rate of 
9600 baud. The media interface may be networked. 
10 The unique identification block 106 is required to assign each terminal 
with a unique identification number. Typically, an electrically erasable RAM 
serial access device is used. Alternatively, a micro controller with on-chip 
EERAM or battery backed RAM could be used. Additional configuration and 
status information may also be stored in this manner, for example, sequence 

15 information which can be used to expedite reconnection of a remote terminal in 
the event of link failure during remote access. 

The power supply and supervisory block provides the voltage sources 
required by the terminal hardware, along with supervisory signals to reset the 
micro controller and protect memory in the event of power failure. Primary 

20 power may be conveniently derived from batteries in the case of portable 
terminals, and some power conversion switching will generally be required. 

The software design according to this implementation of the present 
invention will now be described with reference to Figure 8. Figure 8 describes 
the top level of the system, comprising the scheme independent application 110, 

25 message handler 111, application programming interface command executive , 
112, and basic input/output system (BIOS) 114 which interfaces to the various 
terminal peripherals. It can be seen from Figure 8 that BIOS 114 interfaces to, 
for example, display 118, keypad 117, smart card interface 116 and 
communications 115. 

30 The software design is , intended to provide the various scheme 

application programs with access to terminal peripherals by means of a 
structured command interface. 

The scheme independent application 110 is summarised in Figures 9 
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and 10. The unit begins execution in the idle state. After completion of power 
up and initialisation 1, a table of prompts 2a is displayed 3 if found. If the table 
is not found, a default table 2a may displayed 3 in some cases, j>thejwjse_the 
unit waits for the scheme selector to send one 2b. If manual scheme selection is 
5 required, the terminal waits for the user to select the scheme required 4. 
Otherwise a prompt to insert the user card as displayed 5. On detection of the 

user cards 6 ,Jh_e_card is_powered up and resetper-ISO-7816 requirement-7. 

The answer to reset (ATR) data is acquired and stored in the output message 
buffer 9a (see Figure 10). Execution then proceeds to the main loop illustrated 
10 in Figure 10. 

The main loop checks for messages from the output buff er 9a to be sent 
to the scheme selector. If found, the message is sent. The message input buffer 
10A is also checked for incoming messages from the scheme. If found this 
message is validated for its structure and to ensure that it is addressed to this 
15 terminal. If the message is valid, the command and data are extracted and if 
these are valid the command is dispatched to the API command executive, 
otherwise an error message is built and stored. Execution continues at the start 
of the main loop. The message system may conveniently support network 
functions based on the industry standard OSI model. 

20 Figure 1 1 is a flow chart illustrating the API executive. Execution begins 

in the idle state, which waits for a valid command to arrive. The response after 
execution of the command is built into a message and stored in the output 
message buffer. The API command set is divided into command types 
depending upon the peripherals associated with the command. An exemplary 

25 API command set breakdown is as follows: 

Display functions, console functions (keypad), smart card functions, 
communications functions, secure key and PIN management functions, and 
magnetic card functions. All of these relate to specific peripherals or objects 
within the terminal itself, not to any specific scheme application. 

30 Low level hardware dependent routines associated with each peripheral 

in the remote smart card terminal are contained in the BIOS. 

The primary function of the scheme selector is to link an application to a 
user smartcard within the structure of each of the embodiments of the inventive 
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systems described above. The following description relates to hardware and 
software requirements for a generic scheme selector which can be configured to 
meet the requirements of a given system. In its simptest form_a single scheme. 
selectc-Facts as a'bridge between an existing base terminal and one or more 
5 remote terminals. In the case of the embodiment described with reference to 
figures 5 and 6, in addition to this function significant hardware and software 
relating to running the ap plications ma y be added.Jt_wiH_be-undRrstnori4h a t the 
applications are determined by card providers and will be familiar to those 
skilled in the art, and hence no detailed discussion will be provided. 
0 Referring' to figure 1 2, a generic scheme controller illustratively includes a 

central processor 121, external code storage flash EEROM memory 122, 
external data storage RAM 123, power supply and supervisory block 124, a set 
125 of IS07816 card emulation interfaces 126, 126n, media interface 128. 
auxiliary and host link interfaces 127 and a set 120 of secure access modules 
15 121, 121 n. In the case of the embodiments described above with reference to 
figures 3 and 4, hardware resources are not required to run integrated 
applications, and hence lower capacity microcontrollers can be used. 

The CPU 121 may be a dedicated processor or implemented as part of 
an integrated microcontroller. Preferably, 16 bit performance with a direct 
20 memory addressing range of 128K bytes or greater is required to run integrated 
applications. The reader will appreciate that component selection is dependant 
upon the tasks required. 

External code storage 122 is preferably provided by a flash EEROM. 
This allows for applications to be downloaded or configured remotely. 
25 Alternative code storage memory such as ROM or EPROM may be used. Code 
storage may be internal ROM in the case of MCU based implementations. 

External data storage 123 is generally required to run integrated 
applications. In this case transactions may be buffered until the host system is 
available to process them. Transaction buffering may require non-volatile 
30 storage in which case flash EEROM is preferred. Temporary data storage in fast 
access time RAM is also preferably provided. 

The IS07816 card emulation interfaces 126, 126n are particularly 
required in the case of the embodiments of figures 3 and 4, as it is necessary for 
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the hardware to look identical to a smartcard from the existing base terminal's 
perspective; The media interface 128 used depends upon the transmission 
media used, as discussed in the context of the remote terminal. The power and 
supervisory blockn2"4 provides the voltage sources and supervisory signals 
5 required. 

A host interface 127 is required particularly for the embodiments 
described with reference to figures 5 and 6. Auxil iary interfaces to-other 
peripheral devices may also be required, and may conveniently be RS 232 
links. Secure access modules 121, 121n are required for most integrated 
1 0 scheme applications. 

Referring to figure 13, the software design is intended to provide an 
efficient and intelligent link between the user smartcard and an application. At 
the top level, a generic model of a scheme selector includes an integrated 
application 132 or IS07816 emulation application 131, with associated 
15 IS07816 hardware 136 and an existing terminal application 137. 

In the case of the embodiments of figures 3 and 4, the IS07816 emulation 
application 131 provides the scheme controller 130 with access to external 
applications. From the existing application IS07816 protocol commands are 
converted to API commands compatible with the API command executive 133. 
20 Going the other way, the API commands from the API command executive are 
converted to IS07816 protocol responses. In systems of the type shown in 
figures 5 and 6, the integrated application 132 communicates directly via the API 
command set. the BIOS 135 provides low level hardware interfaces. 

Referring to figure 14, software flow is illustrated. Execution begins with 
25 the message handler 1 waiting to establish a new session with one or more 
remote terminals. Once a remote terminal (RSCT)initiates a service request, the 
scheme selector validates the starting mechanism 2 to ensure the request is 
valid. The link is the established 3 between the scheme selector and the user 
smartcard via the RSCT. The scheme selector then passes the request to the 
30 correct application 4. A command response sequence then continues for the 
duration of the transaction. Either the application or the user may end the 
transaction, thus ending the session 5. Execution then loops back to 1. 

Table 1, appearing on the following pages, is an example of a single 
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RSCT to single integrated application user smartcard transaction. The sequence 
number in the left hand column shows the logical steps in the process. Parallel 
events can be seen across each row in the table for the card_user,_remote_ 
terminalrmedia, scheme selector and scheme application. 

It will be appreciated that variations and additions are possible within the 
spirit and scope of the invention without departing from the general inventive 
concept. 
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CLAIMS 

— 1 - — A_system for performing_a transacJjon_uslng.a .smartj»rjq|, said .smart card 
including an application allowing transactions with at least one transaction 
scheme, said system including at least one remote terminal device, each said 
remote terminal device including means for interfacing to a smart card, a 

scheme-independent-terminal-application^and-communications-means-for 
communicating with a base terminal, said base terminal including a plurality of 
smart card terminal applications for different transaction schemes, and means 
for selecting one of said smart card terminal applications corresponding to an 
available transaction scheme for any given smart card, the arrangement being 
such that upon a smartcard being inserted into the remote terminal, a 
corresponding terminal application is selected and a transaction conducted 
between the terminal application and the smartcard. 

2. A system according to claim 1, wherein the communications means is 
wireless. 

3. A system according to claim 1, wherein said base terminal further 
comprises host communication means for connecting each terminal application 
to a corresponding remotely located host. 

4. A system according to claim 3, wherein the transaction is a financial 
transaction. 

5. A system according to claim 1, wherein the remote terminal includes 
input keys and display means. 

6. A system for performing a transaction using a smart card, said smart card 
including an application allowing transactions with at least one transaction 
scheme, said system including at least one remote terminal device, each said 
remote terminal device including means for interfacing to a smart card, and 
communications means for communicating with a base terminal, said base 
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terminal including at least one smart card transaction application corresponding 
to an available transaction scheme for a given smart card, the arrangement 
being such that a transaction occurs between the smart ^card_and__the_base 
terminal as if the smart card were directly interfaced to the base terminal. 

7. A system according to claim 6, wherein the communications means is 
-wireless : — — — — — — 

8. A system according to claim 6, wherein said base terminal further 
comprises host communication means for connecting each terminal application 
to a corresponding remotely located host. 

9. A system according to claim 8, wherein the transaction is a financial 
transaction. 

10. A system according to claim 6, wherein the remote terminal includes 
input keys and display means. 

11. A remote terminal device for a smartcard transaction processing system, 
said system including a plurality of smartcards, each smartcard including 
applications allowing transactions with at least one transaction scheme, and a 
base terminal including transaction applications corresponding to at least one of 
the transaction schemes incorporated in said smartcards, 

wherein said terminal device including means for interfacing to a smart 
card, a scheme independent terminal application, and communications means 
for communicating with a base terminal, said remote terminal device being 
adapted to communicate with said smartcard and said base terminal so as to 
facilitate a transaction between the smartcard and the base terminal.. 

12. A remote terminal device according to claim 11, wherein the terminal 
device is adapted to communicate with a smartcard via an ISO 7816 interface. 

13. A remote terminal device according to claim 11, wherein the terminal 
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device is adapted to communicate with said base station via a wireless 
connection. 

14. A remote terminal device according to any one of claims 11 to 13, 
wherein said remote terminal device includes input keys and display means. 
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Fig 13 
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